This study was carried out to determine the incidence of malaria in an endemic region of Amazonas State, Venezuela. For this, 200 random samples were collected from symptomatic and asymptomatic individuals from San Fernando de Atabapo and Santa Barbara. Epidemiological factors were related to malaria infection, which was diagnosed by microscopy observation and amplification of the 18S rDNA sequence by PCR. Malaria prevalence in these populations was 28.5%, whilst P. vivax and P. falciparum prevalences were 12 and 17%, respectively. No infection by P. malariae was found. A mixed infection was found on an asymptomatic individual. Prevalence patterns differed between age groups depending on the Plasmodium species. We found that 34.8% of the P. vivax and 15.2% of the P. falciparum infections were asymptomatic. The use of nets was helpful to prevent P. vivax infection, but did not protect against P. falciparum infection. The results suggest the presence of more than one mosquito vector in the area, displaying a differential pattern of infection for each Plasmodium species. There appear to be risk factors associated with malaria infections in some individuals. The population based approach and PCR diagnosis improved the accuracy of the statistical analysis in the study.
INTRODUCTION
Malaria is the most prevalent human parasitosis world-wide, and in the last seven years in Venezuela, 202,800 new malaria infections have been recorded, originating mainly in Bolivar, Sucre and Amazonas States. During 2004 and 2005, 46,244 and 45,328 new malaria cases were registered in Venezuela, respectively, of which 93.1% were from these three states 13 . These are among the highest numbers of cases in this country since 1936. Amazonas State is one of the most important endemic areas of the country, with an annual parasitological incidence (API, number of cases per 1000 inhabitants) of 102.2 for 2004, which was the highest in the country, followed by Bolivar, Delta Amacuro and Sucre States with API´s of 19.2, 12.5 and 5.5, respectively. Atabapo is the municipality with the third highest API in Amazonas and the sixth in Venezuela with 111 cases per 1000 inhabitants.
The Amazonian region is characterized as a tropical rain forest with high precipitation, and high temperature and humidity throughout the year. This region is inhabited mainly by indigenous people, which have nomadic habits and rudimentary housing, making the application of control measures with insecticides and antimalarial drugs more difficult. Malaria infections are produced by P. falciparum, P. vivax and occasionally P. malariae 1 . The main vector reported for this area is A. darlingi, which shows relatively good tolerance but high irritability to the insecticides used in this region. This species has exophilic habits favored by the selvatic environment 30 .
Malaria epidemiology is affected by the interaction among human (e.g. age, immunity, nutritional state) climatic (mainly temperature and humidity) and biological factors (vectors, parasites) which contribute to the establishment of the infection in endemic areas 24, 37 . The effects of each of these factors must be elucidated in order to implement effective control measures to reduce the prevalence of malaria infection in endemic areas.
Most recent epidemiological studies in endemic areas of malaria have been carried out with symptomatic patients and attempt to correlate the infection with epidemiological factors 5, 6, 9 . The use of more precise diagnostic methods in population based studies, allowing for screening for both symptomatic and asymptomatic individuals taken at random from the population, could produce a better understanding of the multiple epidemiological factors affecting malaria infection. We carried out an epidemiological study using molecular diagnostic techniques to detect the Plasmodium species present in an endemic area of Amazonas State, Venezuela.
MATERIALS AND METHODS
Before carrying out this study, participants were given all the relevant information and only those individual who signed a written consent were incorporated, according to the protocol of the Institute of Investigations in Biomedicine and Applied Sciences (IIBCA), Universidad de Oriente, and following the guidelines of the Bioethics and Biosecurity code of the Science and Technology Ministry (MCT) and the National Fund of Science and Technology (FONACIT) of Venezuela 11 . The participation of children was authorized by their parents or legal representatives.
Blood samples were taken from a total of 200 individuals chosen at random from the San Fernando de Atabapo and Santa Barbara areas (Fig. 1) , Atabapo municipality, in January of 2004, with and without symptoms, from both sexes and all age groups. These are rural populations with about 6000 inhabitants, composed mainly by indigenous people belonging to the Piaroa ethnia, whose main economical activities are agriculture and fishing, and the main means of transport is by boat along the Orinoco river (Instituto Nacional de Estadistica: http://www.ine.gov.ve). Sample size was calculated according to ROSNER (2000) taking values of α = 0.05, n = 6000, precision of 4% and an estimated prevalence of 10%, according to previous studies 21, 29, 38 . To best select the individuals at random, we randomly selected houses from each area, and took samples from up to three individuals per house from different age groups and gender, and with or without malaria symptoms.
An epidemiological cross-sectional study was carried out with all participants, along with the members of his/her immediate family, using a structured questionnaire, to obtain the epidemiological information needed, and recording among other things, personal characteristics such as age, sex, occupation, previous malaria infections, symptoms and knowledge of the disease, as well as epidemiological variables from the environment that could facilitate the transmission and maintenance of the infection in endemic areas.
Microscopic diagnosis consisted in the observation of the Plasmodium parasite in the blood of studied individuals seen under a microscope. Thick and thin smears were prepared from blood drops taken from one of the ear lobes of each individual, and immediately stained with Giemsa for 15 minutes. The slides were examined under a light microscope and the results were scored after the observation of 100 fields at 100X magnification 21 . The diagnosis of the slides was carried out by a trained microscopist from the malaria control services located in the area. All individuals were immediately told the results of the microscopy diagnosis, and those who were diagnosed positive for any Plasmodium species received the corresponding treatment.
For the molecular diagnosis, 5 mL blood samples were drawn by venous puncture, taking all the biosecurity precautions, stored in sterile, plastic tubes mixed with EDTA as an anticoagulant and kept cold (below 0 ºC) until their arrival at the laboratory, (under 24 hours), where they were stored at -80 ºC until use. DNA was purified from whole blood using the Wizard Genomic DNA extraction kit (Promega Corp., Madison, WI, USA) according to the directions of the manufacturer. We used a total of 150 µL of blood for the extraction and we resuspended the isolated genomic DNA in 50 µL of 1X Tris-HCl-EDTA buffer.
Amplification was carried out by polymerase chain reaction (PCR) in 25 µL-volume using Taq polymerase buffer (10 mM Tris-HCl, pH 9.0, 50 mM KCl, 0.1% Triton X-100), 200 µM of each dNTP, 0.75 U of Taq polymerase (Promega Corp., Madison, WI, USA), either 1 mM MgCl 2 (for P. vivax) or 3 mM MgCl 2 (for P. falciparum and P. malariae) and 2 µL of diluted DNA (about 100 ng). PCR was performed individually for each species using previously published oligonucleotides 39 at a concentration of 175 nM. The program used for the amplification included a modification of the original, running the first 10 cycles with one step of extension at 94 ºC for one min, one step of annealing at 54 ºC for two min and one step of polymerization at 72 ºC for two min. The next 35 cycles were run with extension at 94 ºC for 45 s, annealing at 56 ºC for 90 s and polymerization at 72 ºC for one min. A final extension at 72 ºC for 10 min was carried out. This modification improved the intensity of the signal while decreasing the background noise of the amplification.
The association of the epidemiological factors with malaria infection was evaluated using the Chi-squared test and logistic regression, included in the software package SPSS V.10. Prevalence ratios (PR) and their confidence intervals were calculated, according to KAHN & TEMPOS (1989) , instead of prevalence odds ratio (POR) since PR is a conservative, consistent, and interpretable ratio relative to the incidence rate ratio (IRR) and should be used in preference to the POR 41 . For the purpose of this study, we considered symptomatic individuals as those who showed any symptoms related to malaria (body temperature of 38 ºC or higher, and/or persistent headache, general pain, or weakness) at the moment of the collection of the sample of blood or declared by the patient or parent, and asymptomatic individuals as those who did not show or declare any symptoms either at the time when the sample of blood was withdraw or at the time of treatment, when confirmed by PCR, two weeks later. Those who did show symptoms before treatment were considered symptomatic.
RESULTS
We detected 57 cases of malaria infection among the 200 samples evaluated, 23 of which were caused by P. vivax (11.5%), 33 by P. falciparum (16.5%) and one caused by both species (0.5%). No infection caused by P. malariae was detected by microscopy or PCR. Male prevalence was slightly higher than for females; for P. vivax (13.3% vs 10.8%), P. falciparum (19.4% vs 14.7%) and malaria in general (31.6% vs 25.5%), but the differences were not statistically significant.
The epidemiological evaluation of the data showed that the age of the individuals was statistically associated with malaria infection (χ 2 = 14.76, p < 0.05), with the highest malaria prevalences in individuals younger than 10 years old (Fig. 2a) . When analyzing the prevalences of infection of the age groups, for each Plasmodium species, we found that P. vivax infection was not associated with age (χ 2 = 8.19, p > 0.05), but P. falciparum was associated (χ 2 = 11.57, p < 0.05), showing decreasing rates of infection with age ( Fig. 2a) , while P. vivax infection showed no age-specific pattern.
The clinical analysis of the Plasmodium infected individuals demonstrated that 24.6% (14/57) of the individuals were asymptomatic (Table 1) , of which eight cases (34.8%) were infected by P. vivax, and 5 (15.2%) by P. falciparum. The difference in the number of asymptomatic individuals infected depending on the Plasmodium species was statistically significant (χ 2 = 19.34; p < 0.01). The individual with the mixed infection was also asymptomatic (Table 1) .
On the other hand, there was a relationship between age and symptoms found in P. vivax infected individuals, whereby 100% of the children under 10 years old had fever, but only 50% of the individuals 10 years or older had fever (Fig. 2b) . For P. falciparum infections, fever was detected in 57.1% of the children under 10 years old, and in 79.4% of the individuals 10 years or older (Fig. 2b) .
Overall, fever was found in 54.7% of the individuals with a malaria infection and only two infected individuals with headaches did not suffer fever. Due to the high statistical association of fever with malaria (χ 2 = 20.71, p < 0.01), this symptom could be used for screening symptomatic infections, with a prevalence ratio (PR) indicating that individuals with fever were 5.36 ± 0.67 times more likely to be infected by Plasmodium than with any other symptom or without any symptom. However, the number of asymptomatic infections (14/57) indicates that general population screening methods are needed in order to decrease the high incidence of malaria in this endemic area.
Most individuals (89.0%) used mosquito nets when sleeping, including adults and children of both sexes. The use of nets was negatively associated with P. vivax infection (χ 2 = 5.46, p < 0.05), with an infection frequency of 54.6% for those who did not use nets and 6.7% for those who did use them (Fig 3a) . Thus, people who did not use mosquito nets were a 7.86 ± 0.91 (PR) times more likely to be infected by P. vivax. Infection by P. falciparum, however, was not statistically associated with the use of nets. There was no relationship between symptoms and the number of malaria episodes People from San Fernando de Atabapo and Santa Barbara use beds more frequently for sleeping (66.5%) than hammocks. Infection by both species of Plasmodium was similar in individuals sleeping in beds, whilst those sleeping in hammocks had a much lower frequency of P. vivax infection (Fig. 3b) , (χ 2 = 5.40, p < 0.05), whereas no association was found for P. falciparum infections (Fig. 3b) . However, this factor was also associated with the use of nets (χ 2 = 6.71, p < 0.05), where most individuals who did not use mosquito nets slept on beds, thus showing an interaction between these two factors and P. vivax infection.
The number of previous malaria episodes of the individuals studied showed a positive association (χ 2 = 15.42, p < 0.01) with current malaria infection (Fig. 4) . Most of the infected individuals (50%) had had two or more previous malaria infections, whilst fewer uninfected individuals (26.6%) had had two or more previous infections. The number of previous malaria episodes was not correlated with the age of the individuals (R 2 = 0.054, CC = 0.233, p > 0.05), thus the association between the previous episodes with current infection could not be explained by this factor. The prevalence ratio of 1.47 ± 0.25 showed a higher risk of malaria infection for those individuals with more than one previous infection. However, there was no association between the number of episodes and the development of symptoms in the infected individuals (χ 2 = 0.27, p > 0.05).
Other epidemiological factors studied such as the characteristics of the houses and surrounding environment were not statistically associated with malaria infection. The inhabitants' knowledge of malaria, its cause, treatment and prevention was also not associated with infection, and neither were other behavioral or cultural aspects. It is noticeable that in spite of the fact that these individuals live in an endemic area, their knowledge of malaria is poor and mostly limited to the association of the disease with the mosquito vector.
DISCUSSION
This study demonstrated that San Fernando de Atabapo and Santa Barbara represent an endemic area of relatively high malaria transmission. The malaria prevalence value found here (28.5%) was somewhat higher than that reported by the Direction of Epidemiologic Vigilance, Ministry of Health for the year 2004. However, Amazonas State showed the highest annual parasitological index, API, (102.2 cases/1000 inhabitants) for that year, and more specifically, the municipality of Atabapo, had the third highest API (111) in the state, only comparable with hyperendemic areas for malaria. This malaria prevalence was intermediate from the prevalences reported for Yanomami communities living in the high Orinoco basin in Venezuela, and communities from the high Mucajaí basin in Brazil 22 , but there the most prevalent parasite was P. vivax, different from our study. SA et al. (2005) after studying 1933 malaria cases found no association with age or gender and malaria infection, but there was an association between infection and the cultural activities of the people outside their homes in peak hours of vector activity, which facilitated exposition to infection 36 . In our study we did not find any statistically significant association between malaria infection and epidemiological factors such as gender and occupation, demonstrating that they are not risk factors in these populations, even though occupation has been related to malaria incidence in other populations, due to the increase of exposition to the vector of people with certain activities 32 . In Rondonia State, Brazil, transmission appears to be related predominantely to occupation and to extra-domiciliary infection 10 . In a recent overview of the malaria epidemic in the Peruvian Amazon, the reported age-specific attack rates were highest in adults, particularly males, suggesting that occupation is an important risk factor in this region 4 . Although in general, malaria infection was related to the age of the individual, only P. falciparum infection, showed a relationship with the age groups studied, when the analysis was performed using species specific infections. MARCANO et al. (2004) also found a higher malaria prevalence in individuals 10 years or younger in Yanomami communities from high Orinoco and Mucajaí basins 22 . There have been no reports so far showing that mosquitos prefer to bite children, inferring that both children and adults have the same probability being bitten by mosquitoes and thus becoming infected by Plasmodium spp. 3 . Malaria symptoms, however, are significantly more prevalent in younger age groups with asymptomatic infections being more common in older age groups, which agree with reports that relate the immune response to malaria infection in endemic areas, this being stronger with age and the number of episodes 3, 22, 31 .
It is interesting that most individuals in the populations studied stated that they had never been affected by malaria, even though they live in a high transmission area. Due to the frequency of asymptomatic infections, it is possible that many of these individuals were either infected with malaria but did not develop symptoms, or their immune systems protected them from infection.
On the other hand, LACROIX et al. (2005) inferred the possibility of intrinsic attraction mechanisms operating in children, since they found that a group of infected children with gametocytes were more attractive for the vector Anopheles gambiae 19 . Several factors, such as the age of the patient, the duration of infection prior to the collection of blood samples, previous exposure to the parasite and the intensity of the infection, could be related to this pattern. Among these factors, previous malaria infection is probably the most important 38, 42 .
Even though presumptive malaria symptoms at the time of sampling were a good indication of infection, the asymptomatic malaria cases found in this study using PCR detection were of great epidemiological value, since these individuals represent the main malaria reservoirs in San Fernando de Atabapo and Santa Barbara. These asymptomatic malaria cases could represent a significant health problem due to their contribution to malaria transmission 15 . ROPER et al. (1996) suggested that asymptomatic individuals in the population possess some clinical protective immunity against parasite strains, demonstrating that this protective component is age-dependant 31 . It is thus necessary to determine the exact duration and clinical development of asymptomatic infections through longitudinal epidemiological studies 23 .
Knowledge regarding malaria infection by the inhabitants of these communities was empirical and related to the cause of the disease by mosquito bites. Knowledge about the symptoms of the infection and its treatment was only obtained after a malaria episode. It is interesting to note that none of the individuals from these populations knew how to prevent malaria. Although this is an endemic area for malaria, the inhabitants seem to be indifferent to the prevention of the disease, using very few measures to avoid mosquito bites, which have been reported as a risk behavior that favors the transmission of the disease 17 . The use of insecticides by government authorities in this area is periodical but insufficient. Also, no entomological studies have been carried out by government authorities in order to design better measures to prevent infection in the population. The effective rate of infected mosquitoes, detection of the different vector species present and the feeding behavior of those species could be used to design more effective control measures.
Most individuals, both children and adults, used mosquito nets frequently, showing a statistically significant negative association with P. vivax but not P. falciparum infection malaria. Thus the use of mosquito nets was shown to be a protective measure for P. vivax infection. RUBIO-PALIS (2003) and ALEXANDER et al. (2005) suggested that the effectiveness of the mosquito nets was limited for the control of malaria in an endemic area, especially when they have holes or are in contact with the skin of the individual 2, 34 . In order to counteract this, insecticide-impregnated mosquito nets are recommended for malaria prevention due to their greater effectiveness 35, 43 .
Anopheles darlingi has been reported as the most efficient mosquito vector in the Amazon basin due to its susceptibility to Plasmodium infection 27 . Larvae develop in large water bodies, mainly dams, lakes, lagoons and the backwaters of large rivers, which are abundant in this area. This species is very anthropophagic, biting outside houses during peak hours, which could explain why mosquito nets did not protect against P. falciparum. The fact that mosquito nets do protect against P. vivax, suggests the possibility of the presence of more than one competent Anopheles species that transmits the Plasmodium species differentially. A second species that preferentially transmits P. vivax, preferring to bite inside the house, could explain the reduced number of cases in individuals using nets. The presence of more than one species of Anopheles acting as a vector in this area is also suggested by the differential distribution of malaria cases amongst the age groups for each of the Plasmodium species. If both species were being transmitted by a single mosquito vector, the pattern of distribution would be expected to be the same for a specific area, which was not the case in this study.
Although A. darlingi has been described as the main species in the Amazon basin in Bolivar State, Venezuela 27 , recent studies have demonstrated that there are more than one Anopheles species acting as malaria vectors in this region. MORENO et al. (2002) found that A. marajoara was more abundant (56.8%) than A. darlingi (38.2%), in a mining area of Bolivar State. This author pointed out that although both species bite both outside and inside the houses, the former showed a marked exophagic behavior 25 . A. marajoara was also reported to contribute to malaria transmission in the Meta basin, Colombia 8 .
Additionally, A. neomaculipalpus has been proven to be a new malaria vector in the Amazon region 26 , and A. nuneztovari, an important malaria vector in the southern slopes of the Andes in Venezuela, has also been reported from Bolivar State, Venezuela 25, 26 . The differential capacity of transmitting Plasmodium species is related to entomological factors such as the susceptibility of the Anopheles species and their life cycle interaction, and with ecological factors that favor one vector species over another as well as their temporal and spatial distributions 14, 16, 28, 40 .
We recommend the study of the Anopheles species present in the San Fernando de Atabapo and Santa Barbara regions to determine which of these could be potential malaria vectors.
The detection of asymptomatic individuals is especially important not only for appropriate treatment, but also for a better understanding of the behavior and epidemiological relationships between the Plasmodium and Anopheles species. This relationship is a key factor in the design of effective control measures against malaria infection. In our case, the use of mosquito nets alone was not an effective measure to prevent infection due to the possible presence of a second, possibly exophagic, vector. Also, the treatment of malaria is dependent on the Plasmodium species, so it is critical to detect and treat each infection accordingly in order to avoid the emergence of resistant strains of Plasmodium.
RESUMEN

Incidencia de malaria en una región endémica del estado Amazonas, Venezuela
Este estudio fue llevado a cabo para determinar la incidencia de malaria en una región endémica del estado Amazonas, Venezuela. Doscientas muestras tomadas al azar fueron colectadas de individuos sintomáticos y asintomáticos de San Fernando de Atabapo y Santa Bárbara. Factores epidemiológicos fueron relacionados con la infección de malaria, diagnosticada por observación microscópica y por la amplificación por PCR de la secuencia del ADNr 18S. La prevalencia de malaria en estas poblaciones fue 28.5%, en tanto que las prevalencias para P. vivax y P. falciparum fueron 12 y 17%, respectivamente. No se encontró infección por P. malariae. Se encontró una infección mixta en un individuo asintomático. Los patrones de prevalencia difirieron entre los grupos de edades, dependiendo de la especie de Plasmodium. Se encontró una frecuencia de infecciones asintomáticas de 34.8% y 15.2% para P. vivax y P. falciparum, respectivamente. El uso de mosquiteros fue útil para prevenir infecciones por P. vivax, pero no protegió de infecciones por P. falciparum. Los resultados sugieren la presencia de mas de un mosquito vector en el área, mostrando patrones diferenciales de infección para cada especie de Plasmodium. Pareciera existir factores de riesgo asociados con la infección de malaria en algunos individuos. El estudio a nivel poblacional y el diagnóstico por PCR mejoró la exactitud del análisis estadístico en este estudio.
